Understanding the implication of genotype x environment interaction (GEI) structure is an important consideration in plant breeding programs. A significant GE interaction for a quantitative trait such as yield can seriously limit efforts in selecting superior genotypes for both new crop introduction and cultivar improving. In order to, select the best lines in Egyptian cotton breeding programme two trials must be done, the first one is preliminary trial (HA) which has sown in one location and the second one is the advanced trial or regional trial (HB) sown in the production area of Egyptian extra-long staple cotton varieties. The experimental design for the two trials was a randomized complete block design with six replications in each location and each entry was grown in plot of five rows. Forty two cotton genotypes showed highly significant differences in trial A. twenty four selected genotypes from trial A was evaluated in the regional trial (HB) and the combined analysis of variance showed highly significant differences for the genotypes, environments and G x E interaction indicating the possibility to select the most stable genotypes in trial HB across five locations. two genotypes No. 11 and 18 are stable for the three studied traits and No. 14 for seed cotton yield and lint yield are good adapted for the most important cotton production locations for extra-long staple cotton varieties using Eberhart and Russell model. The results of AMMI analysis indicated that the first two AMMI (IPCA1 and IPCA2) were highly significant. The first two multiplicative components of the interaction accounted for 58.77, 68.20 and 77.13 % of the sum of squares for boll weight, seed cotton yield and lint yield, respectively. AMMI stability value (ASV) and yield stability index (YSI) are suitable stability indices in discriminating stable genotypes with high mean yield performance. Four genotypes No. 6, 12, 14 and 17) are stable under the two phenotypic models.
INTRODUCTION
Egyptian cotton is a top quality long and extra-long staple fiber that is grown in Egypt. It is predominantly cultivated in the Nile Delta where the warm dry desert climate is ideal for growing cotton. The climate in Egypt allows for the cotton fibers to grow long and extra-long staple (ELS). Egyptian ELS cotton is usually more than 1-3/8 inch or 34.925 mm with superior strength, high fiber finesses and better uniformity. So, the Egyptian cotton characterize by its strength, luster, and silky appearance. The long fibers of Egyptian cotton are stronger than other varieties and more easily spun into thread. The thread's continuous length means it is easily woven into strong, lustrous fabric. Despite its international production and reputation, Egyptian cotton still only accounts for 0.5% of the world's cotton output. The cotton breeding program produced many ELS cotton varieties like, Giza 45, Giza 70, Giza 77, Giza 87, Giza 88, Giza 92, Giza 93 and Giza 96 which used in luxury and up market brands worldwide. Giza 45 has the highest thread count, ranging up to 1000 threads per square inch.
The differential response of a genotype or cultivar for a given trait across environments is defined as the genotype × environment interaction (G × E), which is an important and essential component of plant breeding programs because it complicates the expression of maximum potential of genotypes. Plant breeders routinely practice selection (directly or indirectly) for genotypes that display stability for a set of traits across testing environments. The G×E interaction estimates help breeders to decide the breeding strategy, to breed for specific or general adaptation, which depends on stability in yield performance under a limited or wide range of environmental conditions (Dewdar, 2013 and Abdalla, et al., 2014) . Eberhart and Russell (1966) defined stability as the ability to show a minimum interaction with the environment. Hence, the stability of genotype performance is directly related to the effect of G × E. Also, defined the ideal cultivar as the one that has the highest yield over a broad range of environments. Many studies used this technique to measure phenotypic stability for Egyptian extra-long and long staple cotton genotypes (Dewdar, 2013 , Abdalla, et al., 2014 Abd El-Aziz, 2014; Abd El-Moghny and Max, 2015; Gibely et al., 2015; Saleh, 2016 and Ail, 2017) .
The Additive Main effects and Multiplicative Interaction (AMMI) is a tool to study GE interaction pattern and to estimate the adaptability of different varieties on regional trials. Since, GE interaction is naturally multivariate; the AMMI offers an appropriate statistical analysis of trials that have a G x E interaction. The AMMI model combines ANOVA with principal components analysis (PCA) extracts genotype and environment main effects and uses the PCA to explain patterns in the G x E interaction, which provides a multiplicative model and is used to analyze the interaction effect from the additive ANOVA model (Zobel et al., 1988) . Many cotton breeders used this model to analyze yield traits for some Egyptian cotton genotypes (El-Shaarawy, et al., 2007; Abd El-Baky, 2011; Abdalla, et al., 2014 and Abd El-Aziz, 2014) The main objective of the current study was to evaluate the Egyptian extra-long staple cotton genotypes in the preliminary trial (HA) then select the most promising genotypes for the advanced trial or regional trial (HB) to select the most stable genotypes for growing under Egyptian Delta cotton zone using two phenotypic stability models; Eberhart and Russell and AMMI models. Also, the study extended to explaining efficiency of G x E interaction and measuring genetic component, broad sense heritability expected genetic advance and genetic advance as a percentage of mean.
MATERIALS AND METHODS
The present study had two experiments to evaluated and select the most promising lines of Egyptian extra-long staple cotton genotypes. Origin and pedigree of these genotypes are shown in Table 1 . The first trial is the preliminary trial (HA) consists of thirty seven derived from ten cotton crosses and five commercial varieties (as check). These genotypes were tested in the growing season of 2016 at Sakha experimental station, Kafr El-Sheikh governorate. The seeds of the selected lines from this experiment will be sown in the advanced or regional trial in the next season. Regional or advanced trial (HB) consists of nineteen new lines derived from ten cotton crosses plus five commercial varieties (as check). These genotypes were tested in the growing season of 2017 at five Egyptian governorates; Kafr El-Sheikh (E1), El-Behara (E2), Domyat (E3), El-Dakahlia (E4) and El-Garbia (E5). These locations represented the most important cotton production area for extra-long staple varieties.
The experimental design was a randomized complete block design (RCBD) with six replications for the two trials HA and HB at each location. Each entry was grown in a plot of five rows set of 4m length, 70cm apart and distance between plants within rows was 30cm. General agronomic and cultural practices recommended for cotton crop production were adopted at each location during the two growing seasons. At harvest, fifty bolls were collected from the two outer rows to measure average boll weight (BW) in grams. While, the three inner rows were harvested to estimate seed cotton yield (SCY) and lint yield (LY) which expressed in Kantar/Faddan (Kantar of seed cotton yield =157.5 Kg, Kantar of lint yield = 50 Kg and Faddan=4200m 2 ). Also, fiber quality characters were estimated at Cotton Technology Laboratory, Cotton Research Institute, Agricultural Research Center, Giza, Egypt. Yield data were subjected to a univariate analysis of variance (ANOVA), which was done for each location separately. Also, a combined analysis of variance was done using the mean data of each location, to create the means data for the different stability analyses methods. Bartlett test was used to determine the homogeneity of error variances between environments to determine the validity of the combined analysis of variance on the data as described by Gomez and Gomez 1984 . Variance components (genotypic, phenotypic, and environment as well as genotype x environment variances) were also estimated from their respective mean squares obtained from the analysis of variance. Broad sense heritability (h 2 ), expected genetic advance (GA) and genetic advance as a percentage of mean (GAM) was estimated according to Singh and Chaudhary, 1979 . Phenotypic stability analysis models: Eberhart and Russell (1966) suggested that optimal yield stability measured through regression approaches would be represented by a cultivar with high mean yield. The stable genotype should had regression coefficient near unit (b i =1) and mean square deviation from regression different from zero (S 2 d i =0) is said to be a wide stable genotype or wide favorable to environmental conditions. Additive Main effect and Multiplicative Interaction (AMMI) analysis used to analyze the genotypeenvironment interaction and to define stability for each genotype according to Gauch (1992) . This approach used the analysis of variance (ANOVA) to study the main effects of genotypes and environments and utilized the principal component analysis (PCA) for the residual multiplicative interaction between genotypes and environments forming different interactive principal component axes (IPCA). AMMI was presented in the form of biplot, which is allowing one to visualize any relationships between the Eigen values of IPCA and means of environments and genotypes, both genotypes and environments were occurred on the same scatter plot (Gauch and Zobel, 1996) .
AMMI stability value (ASV) was calculated for each genotype according to the relative contributions of the principal component axis scores (IPCA1 and IPCA2) to the interaction sum of squares. The AMMI stability value (ASV) as calculated by Purchase et al. 2000 as follows: ASV = √ [IPCA1Sum of squares /IPCA2Sum of squares] ((IPCA1score + IPCA2score) Where;
IPCA1 Sum of squares / IPCA2 Sum of squares are the weight given to the IPCA1 value by dividing the IPCA1 sum of squares (from the AMMI analysis of variance table) by the IPCA2 sum of squares. The larger the IPCA score is, either negative or positive, the more adapted a genotype is to a certain environment. Smaller ASV scores indicate a more stable genotype across environments (Purchase et al., 2000) .
Yield stability index was also calculated using the sum of the ranking based on yield and ranking based on the AMMI stability value as calculated by Bose et al., 2014 .
YSI = RASV + RY
RASV is the rank of the genotypes based on the AMMI stability value; RY is the rank of the genotypes based on yield across environments (RY).
RESULTS AND DISCUSSION
The preliminary trial (trial HA) consist of thirty seven extra-long staple cotton genotypes plus five commercial verities. The phenotypic mean performance of these genotypes was shown in Table 2 for yield and fiber quality traits. These data showed more than 35% of the genotypes were higher than the grand mean for boll weight, seed cotton yield, lint yield and lint percentage. Also, most of these genotypes were higher than five commercial varieties except for boll weight. Genotypes No. 3, 6, 8,11 and 25 had the highest values compared to commercial varieties for boll weight, seed cotton yield, lint yield and lint percentage. While, genotypes No. 1, 10, 16, 23, 24 and 31 had higher values of seed cotton yield and lint yield traits over the grand mean 12.8K/F and 14.5K/F for seed cotton yield and lint yield, respectively. On the contrary, the commercial variety Giza 96 (No. 38) has higher lint percentage (39.42%) overall the studied genotypes. The fiber quality traits for these genotypes were ranged in the category of extra-long staple cotton more than 35mm for fiber length, higher values of fiber strength measured by g/tex and yarn strength and less values of fiber fineness.
So, these results give the cotton breeder a great chance to select the most superior genotypes which can be better than the commercial varieties. The cotton breeder should test these selected genotypes under different environments to stand on the stability of these varieties to determine the best environments for each genotype (Al Didi, 1972) Out of forty two extra-long staple cotton genotypes studied in preliminary trial (HA), only nineteen genotypes were selected for the advanced trial or regional trial (HB) plus five commercial varieties to test under five different environments in the next season 2017, which represented the most important production area of extra-long staple varieties in Egypt. Table 3 showed the phenotypic mean performance of the selected genotypes under five environments. Five genotypes (No. 2, 7, 14, 15 and 16) had highest values more than 10 K/F, 11 K/F and 36% for seed cotton yield, lint yield and lint percentage, respectively. Four genotypes (No. 4, 5, 6 and 17) had highest values for lint yield 11 K/F and lower values for seed cotton yield and lint percentage. These genotypes were greater than five commercial varieties except Giza 96 (No. 20) which has 12 K/F and 38% for lint yield and lint percentage, respectively.
The fiber quality traits for all the studied genotypes fall under the extra-long staple category, which had fiber length and fiber strength as measured by g/tex and yarn strength more than 36mm 45g/tex and 2800YS, respectively. So, the cotton breeder has to increase concentration on yield characteristics, which are highly affected by the environment. The analysis of variance for preliminary trial (HA) showed highly significant differences between forty two genotypes as presented in Table 4 . These results reflect the genetic diversity background of these genotypes. El-Hoseny, 2013 found highly significant differences between forty cotton genotypes evaluated in trial HA among some extra-long staple genotypes for yield traits. The experimental coefficient of variation (CV) for the joint analysis was low (10%), indicating good experimental precision for all yield and fiber quality traits except +b was 11.851%. The Bartlett's homogeneous variance of errors for the three studied traits allowed preceding the individual ANOVA in each of five environments indicated the homogeneous error variances among the evaluated environments that allowed conduction of combined analysis. The combined analysis of variance (ANOVA) for the three studied yield traits of twenty four cotton genotypes evaluated across five environments (trial HB) is illustrated in Table 5 . Highly significant differences for genotypes, environments and G x E interaction reflected genetic diversity between genotypes, effect of environments in the G x E interaction, differential performance of these genotypes under different environments and the possibility to select the stable genotypes among studied traits. Similar variations in response to Egyptian extra-long staple cotton genotypes under different environments for yield traits have been reported by El-Hoseny, 2013 and Abdalla, et al., 2014 . The experimental coefficient of variation (CV) for the joint analysis was low (10%), indicating good experimental precision. Gibely et al., 2015 found coefficient of variation (CV) lower than 10% for boll weight and lint percentage were 6.34% and 3.74%, respectively for the extra-long staple genotypes under four different environments. Genotypic variance accounted for a large proportion of the observed phenotypic variance for the three studied traits indicating the inherent genetic variation of these traits (Table 6 ). The ratio between genotypic variance and total phenotypic variance, heritability in broad sense, were not differ between the two trials HA and HB and was moderately for all the three studied traits.
These results reflecting the amount of progress that can be made by selection for the interest trait. However, broad sense heritability alone does not always give a full indication of genetic gain that can be made through selection because it includes both additive and nonadditive components of the genetic variation. The estimates of genetic components indicated large genotypic variance ( 2 ˧) for the studied traits and their higher error variances implying a strong environmental influence. Phenotypic coefficient of variation (PCV%) for all studied traits was higher than the corresponding genotypic coefficient of variation (GCV%). The three studied traits had lower PCVs (<10). The analysis of the expected genetic advance as percentage of the mean (GAM) indicated that only 3.49% and 1.55% progress could be made in the improvement of boll weight trait through the two trials, respectively. Seed cotton yield also could be improved by 19.41% in HA trial and 34.20% in HB trial, whilst progress of 32% could be made in lint yield in the two trials. These results agreed with El-Hoseny, 2013 and Gibely et al., 2015 for some extra-long staple genotypes under different environments (trial HB) for boll weight, seed cotton yield and lint yield.
Phenotypic stability analysis models:-Eberhart and Russell (1966):-
Result of analysis of variance as per Eberhart and Russell (1966) are presented in Table 3 , which indicated that the sum of squares for genotype x environment interaction (GEI) was found highly significant ( Table 5) . The stability analysis, environment and GEI component were further partitioned into environment (linear), G x E (linear) and pooled deviations from regression. All these sources of variation for Environment + (G x E) was found highly significant. Genotypes had regression coefficient near unit (b i =1) and mean square deviation from regression different from zero (S 2 d i =0) is said to be a wide stable genotype as describe by Eberhart and Russell, 1966. The stability parameters for all the genotypes are given in Tables 7, 8 and 9 for boll weight, seed cotton yield and lint yield, respectively. The regression coefficient (b i ) values of the twenty four extra-long cotton genotypes ranged from 0.519 to 1.496 for genotypes 9 and 16, from 0.173 to 1.803 for genotypes 4 and 2 and from 0.006 to 1.871 for genotypes 8 and 20 for boll weight, seed cotton yield and lint yield, respectively. The most values of b i were found significant for the three studied traits. These variations in b i values suggested that these cotton genotypes responded differently across different environments.
Cotton genotypes No. 1, 2, 10, 11, 12, 17 and 18 for boll weight, No. 10, 11, 13, 14 and 18 for seed cotton yield and No. 5, 6, 7, 10, 11, 12, 14, 18 and 21 for lint yield had regression coefficient (b i ) close to unity and deviation from regression (S 2 d i ) near to zero are stable genotypes and widely adapt to different environments. However, genotypes No. 6, 8, 9, 17, 20, and 22 for boll weight, No. 1, 9, 12, 15 and 16 for seed cotton yield and No. 1, 2, 3, 4, 16 and 17 for lint yield had higher mean performance and regression coefficient (b i ) and deviation from regression (S 2 d i ) did not differ from zero. This group is sensitive to environmental variations and favorable to specific environments. The rest genotypes are not stable and poorly adapted across different environments, which may have specific adaptation to harsh conditions. These results were in harmony with Dewdar, 2013; Abd El-Aziz, 2014; Gibely et al., 2015; Saleh, 2016 and Ali, 2017 for some Egyptian cotton genotypes.
Two cotton genotypes No. 11 and 18 are stable for the three studied traits and No. 14 for seed cotton yield and lint yield. These genotypes are good adapted for the most important cotton production area for extra-long staple cotton varieties.
AMMI model:-
The AMMI analysis of variance for the three studied yield traits is presented in Table 5 . The first and second interaction principal component axis (IPCA1) was highly significant capturing 43.67% and 32.17%, 43.33% and 24.88% and 52.97% and 24.16% of sum of squares of the G x E interaction for boll weight, seed cotton yield and lint yield, respectively. These results indicated that this model is fit to the data. So, the first and second principal components were the best predicted of interaction between twenty four cotton genotypes over five environments. Abdalla et al., 2014 and found the proportions of the first two principal components in sum of squares of GE interaction were 36.45% and 19.15% for lint yield trait respectively, with the significant first IPCA.
The AMMI analyses of the studied traits are presented in Tables 7, 8 and 9 for boll weight, seed cotton yield and lint yield, respectively. The G x E interaction composed of four interaction principal components axes (IPCA) were highly significant and the first two interaction principal component axes (IPCA1 and IPCA2) explained about 58.77%, 68.202% and 77.13% of the G x E interaction sum of squares for boll weight, seed cotton yield and lint yield, respectively. This makes the stability and adaptability study based on the AMMI method more concise (Gauch, 1992) .
AMMI stability value (ASV) indicates the stability of genotypes. Genotypes having lowest ASV scores are considered more stable whilst those with highest scores are less stable genotypes (Purchase et al., 2000) as shown in Tables 7, 8 and 9. Yield stability index (YSI) is the sum of mean yield ranking of genotypes over environments plus AMMI stability value (ASV) rank. A low value of this parameter shows stable genotypes with a high mean yield. So, YSI are desirable because combination of high mean yield performance with stable genotype (Bose et al., 2014 and Farias et al., 2016) . Stability should not be the only selection parameter because the most stable genotypes would not necessarily give the best yield performance (Mohammadi, and Amri, 2008 and Dewdar, 2013) .
By using these two measures suitable cotton genotypes can be identified for varying existing five environmental conditions. Based on ASV and YSI the most stable genotypes with high mean yield across five environments; No. 6, 12, 17 and 19 for boll weight trait. These genotypes showed higher boll weight more than 150g per 50 bolls (Table 7) .
Genotypes 3, 5 and 8 has both lower ranking of ASV and YSI for seed cotton yield (Table 8) , which had higher mean performance than grand mean (9.5K/F) for extra-long staple genotypes. The most stable genotypes and had higher lint yield No. 2, 4, 14, 15 and 22. The average lint yield of these genotypes over five environments is 11.1K/F, 11.2K/F, 11.4K/F, 11.6K/F and 11.2K/F, respectively as shown in Table 9 . Abdalla et al., 2014 and found that AMMI stability value (ASV) is a good index to detect stable extra-long genotype.
The genotypes showed the highest ASV scores and YSI values can be considered least stable for boll weight 1, 5, 8, 15 and 22; seed cotton yield 1, 2, 16, 22 and 23 while, for lint yield 1, 7, 16 , 20 and 23. Most of these genotypes had lower mean yield less than overall mean across five environments. While, genotype No. 1 was unstable for the three studied traits and has the lowest mean performance of the yield studied traits. AMMI analysis is an indication of the adaptability over environments and association between genotypes and environments can be clearly observed. According to the IPCA scores the stable genotypes had small scores close to zero, indicating the low interaction where the genotypes with large scores have high interaction and unstable, regardless of positive or negative sign (Zobel et al., 1988) . So, most of the genotypes which had lower scores of ASV and lower YSI value also, had small scores of IPCA close to zero for the three studied traits as presented in Tables 7, 8 and 9. The PC1 scores ranged from -10.35 to +15.129 for the genotypes 1 and 5 and from -3.907 to 1.895 for genotypes 23 and 15 and from -5.644 to 3.133 for 23 and 20 for boll weight, seed cotton yield and lint yield, respectively. PC2 scores ranged from -16.288 to 8.409 for genotypes 22 and 24 for boll weight. Seed cotton yield ranged from -1.754 to 2.863 for genotypes 22 and 2 while for lint yield ranged from -1.904 to 2.365 for genotypes 8 and 1. To better understand the relationships, similarities, and dissimilarities among yield stability statistics used principal component analysis (PCA) based on the rank correlation matrix. The relationships among different stability parameters are graphically displayed in a biplot of PCA1 vs. PCA2 (Figures 1, 2 and 3) . The PCA1 and PCA2 axes, which justify 58.17%, 68.20% and 77.13% of the total sum of squares of G x E interaction for boll weight, seed cotton yield and lint yield, respectively. The two environments or genotypes in any quadrant (Q) are strongly correlated and the direction away from the biplot origin points, possessed less interaction effects and regarded as a stable genotype (Abdalla et al., 2014 and .
Boll weight trait had four groups; the first one has one genotype No. 12 adapted to one environment (El-Dakahlia (E4)) as presented in Figure 1 . The second group falls in quadrant II with two environments Kafr El-Sheikh (E1), El-Behara (E2), which had genotypes No. 4, 11, 14 and19. Seed cotton yield had two groups; the first one has two genotypes 3 and 5 fall in quadrant 1with two environments; Behara (E2) and Domyat (E3). The second group has one genotype 8 falls in quadrant 4 with two environments; Kafr El-Sheikh (E1) and El-Garbia (E5) (Figure 2) . These genotypes are considered as general adapted to four environments; Kafr El-Sheikh (E1), El-Behara (E2), Domyat (E3) and El-Garbia (E5). The stable genotypes consist of two groups for lint yield trait; the first group contains genotypes 5, 14 and 22 fall in quadrant 1 with one environment; Domyat (E3). While, the second group have two genotypes 2 and 4 fall in quadrant 4 with three environments; Kafr El-Sheikh (E1), El-Behara (E2) and El-Garbia (E5) as shown in Figure 3 . These results indicated that these genotypes were closer to the center of the origin points, possessed less interaction effects and regarded as a stable genotype. Moreover, for any particular environment vector (drown from the origin to the environment score), genotypes can be compared by projecting a perpendicular from the genotype scores to the environment vector, i.e., entries that are closer to the environment vector are stable in that environment. So, genotypes that are adapted to specific environment can be adopted to improve genotypic stability in these environments.
The results obtained from AMMI analysis illustrated dissimilarity between genotypes and environments, once they were positioned in opposing quadrants and the most stable genotypes across the different environments were not the most adaptable (Maleia et al., 2017) . Finally these genotypes should be evaluated in multiple locations for multiple years to fully sample the target environment. Genotype in the presence of unpredictable G × E interaction is a perennial problem in plant breeding. To select for superior genotypes, it seems that there is no easier way other than to test widely and select for both average yield and stability (Kang, 1997) . So, AMMI model was useful to study G x E interaction and to identify stability and adaptability on the multi-environmental trial.
The genotype x environment interaction (GEI) has been an important and challenging issue among plant breeders, geneticists, and agronomists engaged in performance testing. The G x E interaction reduces association between phenotypic and genotypic values and leads to base in the estimates of gene effects for various traits that are sensitive to environmental fluctuations. Both yield and stability of performance should be considered simultaneously to reduce the effect of G x E interaction and useful for selecting genotypes in a more precise and refined way. Eberhart and Russell model found some genotypes No. 11 and 18 are stable for the three studied traits and No. 14 for seed cotton yield and lint yield. The results of this investigation proved that the AMMI stability value (ASV) and yield stability index (YSI) are suitable stability indices in discriminating stable genotypes with high mean yield performance. Four genotypes No. 6, 12, 14 and 17) are stable under the two phenotypic models and could be target for the simultaneous improvement of yield and stability. So, the cotton breeder may recommend these genotypes to release as commercial varieties in extra-long staple production zone. 
